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(54) Abstract Trtle 

A method of depositing a carbon film on a membrane 



(57) A carbon film is deposited on a membrane 2 (e.g. silicon) for use in X-ray or corpuscular projection 
lithography by off-axis sputtering from a target 5. A carbon film produced by off-axis sputtering has internal 
stresses that are approximately equal to those of a thin silicon membrane. For modifying the properties of the 
film after deposition, e.g. deactivation of chemically reactive sites or stress stabilisation, bombardment with 
helium ions can be employed. 
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2325473 

I 

METHOD FOR DEPOSITING A 
CARBON FIT M ON A MFMRP Af sTF 

The present invention relates to membranes employed in X-ray and corpuscular 
projection lithography, e.g. as part of a stencil mask for ion-beam lithography. 

In the manufacturing of e.g., semiconductors, X-ray and 
corpuscular beam lithography is used. Corpuscular beams 
include electrons, ions, but also neutral atoms and ionic or 
neutral molecules^ e.g. hydrogen ions, H/ . In projection 
lithography membranes of various materials for-^masks to patt:ern 
the beam are used. The materials of these membranes can be of 
any material that can be formed as a thin layer and structured, 
including semiconductors, e,g. single-crystal a-silicon or 
polycrystalline silicon, metals, e.g. nickel, and insulators, 
e.g. silicon dioxide or aluminum oxide, many other matierials 
can be, and are, used in the art. The life time of these 
membranes is limited by the effects of damage incurred to the 
membranes during irradiation. As for ion-beam lithography,. a\ 
bare silicon membrane, which can be patterned and used as a 
stencil mask, can only withstand a total charge density of 0.2 
mC/ cm of irradiated ions before its intrinsic stress changes 
drastically. To meet the needs of future lithography in VLSI 
and ULiSI circuits, a mask will have to be capable of 
withstanding up to ten million exposures. This is 

approximately the number of exposures that can take place 
between design generations. The ion dose required to fully 
expose photoresist is approximately 5x10" ions/cm^ Therefore 
a stencil mask used in a proximity printer would be bombarded 
with 5x10^' ions/cm^ or 8 C/cm^ after ten million exposures. The 
ion beam could also be magnified or de-magnified as with an ion 
projection lithography system. With a demagnif ication of 4x, 
the stencil mask would be bombarded with 3.125x 10^* ions/cm^, 
which equates with a total charge density of 500 mC/cm^ at the 
stencil mask . 

It has been shown previously that silicon membranes swell 
during lithium ion bombardment due to ion implantation into the 
silicon crystal interstitial positions. Hydrogen or helium 



ions bombarding a silicon membrane also cause swelling which 
in chis case, is the main cause for scress change in the 
membrane. Hydrogen diffuses out of the silicon membrane when 
the temperature is set co 450*'C for approximately 30 minutes, 
5 while helium diffuses out of the silicon membrane at a 
temperature of 700**C for approximately 8 hours. After the 
thermal treatment, the silicon membrane returns to its original 
tension for small doses, e.g. about 0.2 mC/cm^; for higher 
doses, the membrane is permanently damaged. 

10 With masks of a material different from silicon, the 

problem stays in principle unchanged, although the extent of 
stress change due to irradiation can vary and even reverse, 
e.g. silicon dioxide shows a compaction rather than swelling 
upon irradiation with hydrogen, helium or argon ions. It is 

15 obvious that this phenomenon is not limited to the irradiation 
with ions but also with electrically neutral atoms or 
molecules. Moreover, since the lattice is affected by not only 
the implantation of atoms or molecules, but also the impact of 
the energetic radiation itself, stress change effects will 

20 prevail also for irradiation with electrons or high-energy 
electromagnetic radiation, as e.g. X-rays. The following 
discussion mainly refers to ion projection lithography, but it 
is understood that the considerations presented in the 
following also apply, with only minor adaptions, as e.g. talcing 

25 the respective equivalent doses of irradiation, for the more 
general case of X-ray and corpuscular projection lithography. 

In order to increase the life of a pattern mask used for 
ion-beam lithography, it is necessary to prevent the mask from 
swelling/compaction. This is usually done by means of 

30 protective coatings, as described in the Bohlen et al . U.S. 
Patent No. 4,44 8,865, an ideal ion-absorbing coating is 
characterized by the following properties: 

a) the stress of the ion-absorbing coating should be in 
the order of or less than that of the silicon 

3 5 membrane; 

b) the stress of the ion -absorbing coating should not 
change more than 10^ v/hen implanted with hydrogen or 
helium ion doses exceeding 1 C/cm', 

c) the- stress of the ion-absorbing coating should not 
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change more than lOV when stored under typical clean- 
room conditions for periods up to l year; 
d) the deposition and patterning of the ion-absorbing 
coating should be compatible with the mask 
5 fabrication sequence. 

Especially the last requirement eliminates many potential 
candidates for the ion-absorbing layer. Carbon is a candidate 
film for this application since it can be easily patterned in 
oxygen; as additional advantages, it has only gaseous oxides 
10 and a high emissivity of between 0.7 and 0.6. 

One technique to apply low-scress carbon films is 
sputtering. Another possible technique employs electron beam 
evaporation. The normal mode of sputtering is to place the 
substrate directly above the sputtering target. This so-called 
15 "on-axis" sputtering has been used extensively for the 
deposition of carbon films. However, carbon films produced by 
"on-axis" sputtering are diamond-like, have very high 
compressive stress, and should, when bombarded with ions, 
exhibit the problems discussed above, i.e., trapping of ions 
20 leading to swelling of the membrane, as well.. Since implanted 
gasses cannot diffuse out of these films at room temperature, 
they are not suitable as ion-absorbing layers. The compressive 
stress of a diamond-like carbon film would also severely 
distort and/or destroy a membrane. The thin silicon membranes 
25 from which lithography masks are made have inherently about 10 
MPa of tensile stress, whereas the intrinsic stress of diamond- 
like carbon is compressive and between 1 GPa and 14 GPa. In 
the conventional sputtering configuration, negative ions 
generated at the cathode bombard the substrate and create high- 
3 0 stress, diamond-like material. Carbon has been used as a 
conductive layer and to prevent sputtering, but carbon has not 
been applied for protecting e.g. silicon from ion implantation. 
Recently, however, a new sputter deposition technique, known as 
"off-axis" sputtering, has been developed for depositing high 
35 temperature superconducting films. This technique uses a 
different geometry in that the deposition surfaces are 
positioned in the off-axis configuration relative to the 
sputter targets. The technique of "off -axis" sputtering has 
been used in the deposition of superconducting films, as 
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10 



described by Eom ec al . . Applied Physics Letters, vol 
(1989) p. 595. S5 

IC is an object of the present invention to provide a 
method to apply a carbon layer to membranes whose stress • 
small in comparison to the inner stress of che original 
membrane. It is another objecc of the present invention to 
provide a treatment to a carbon layer such that upon subsequenc 
exposure, its stress does not change more than io% with 



The 



irradiation doses exceeding the equivalent of 500 mC/cm' 
present invention further aims at a carbon layer co membranes" 
e.g. silicon membranes, used in ion-beam lithography in which 
the implanted gasses can diffuse out of the coating layer 
before swelling of the layer occurs. 
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A method is proposed for depositing carbon fii^^ on 
membranes used in masks for X-ray or corpuscular lichographv 
in which sputtering is used and the membranes servino I' 
5 sputter substrates are positioned in the off -axis conf iguratio^ 
relative to the sputter targets. m this configuration the 
sputter gun faces away from the substrate and the sputtered 
particles diffuse onto the substrate. In this configuration 
Che sputtered particles will arrive at the substrate with 
10 energies low enough in order to produce films of the desired 
stress properties and low density. 

in order to ensure good uniformity and maximum deposition 
rates, the operating pressure used in the above-described 
method is less than 3 0 mtorr. Furthermore, a temperature of 
15 the sputter targets above SSQoc prevents the formation of 
insulating coatings on the target which may lead to arcing and 
reduce the sputtering rate; best results were obtained in the 
temperature range between 600»C and laoO'C. 

For modifying the properties of carbon films after 
20 deposition, e.g. the deactivation of chemically reactive sites 
or stabilizing of stress, ion bombardment with helium ions can 
be employed. This method anticipates changes in the film due 
to initial irradiation and serves to reach a plateau in which 
the stress varies only little, i.e. within an interval of about 
25 1 MPa or less. The ion energies are chosen conveniently such 
that the projected range of the helium ions corresponds to the 
thickness of the carbon coating, but is still less, in order to 
avoid implantation to the membrane beneath the carbon film. In 
practice it was found that the minimum dose for the conversion 
3 0 is about 120 mC/cm*. 

It is an important property of the invention presented 
that the carbon coating films thus produced have a compressive 
stress of the order of lO MPa or below, which is low in 
comparison with that of the diamond-like films produced by 
35 methods well-known, and that this stress can be stabilized in 
the sense of the already mentioned plateau. 

One important field of use for these carbon-coated 
membranes is ion projection lithography. For protection of the 
membrane, it is advantageous when the membrane has at least 
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such a thickness, that ion penetration into the membrane 
prevented at the ion energies intended. 

If radiation cooling of the membrane is important, the 
emissivity of the coating film has to be large. Although the 
emissivity of a film coating according to this invention will 
not be the same as the bulk emissivity of carbon, which is 0.7 
to 0.8, it was found thac emissivity values above 0.5 can 
easily be obtained, and an emissivity of 0.75 is reached for a 
film approximately one micron thick. 



/ 



/ 
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The invention is described further hereinafter, by way of example only, with 
reference to the accompanying drawings in which: 



FIG, 1 is a schematic overview of an "off -axis" sputtering 
assembly for carbon films according to the present invention 

FIG. 2 shows the dependence of membrane stress as function 
of the ion dose of a silicon membrane coated with 0 , 5 carbon 
film and bombarded with hydrogen ions at an energy of lO keV 
per ion. 

FIG. 3 shows the dependence of membrane stress as function 
of the ion dose of two bare silicon membranes, one bombarded 
with hydrogen ions at an energy of 10 keV per ion, the other 
bombarded with helium ions at an energy of 30 keV per ion. 

FIG. 4 shows the dependence of membrane stress as a 
function of the ion dose of a silicon membrane coated with 0.5 
carbon film and bombarded with hydrogen ions at an energy of 
10 keV per ion. 

FIG. 5 shows the dependence of the stress of a 2,5 fim 
thick silicon membrane with a 1 . O^xm thick protective carbon 
coating membrane upon irradiation with helium ions at an energy 
of 20 keV per ion. The membrane was initially irradiated with 
helium ions at an energy of 80 kev to a dose of 5 mC/cm* and 
then at an energy of 30 kev to an additional dose of 0 . 6 C/cm^ . 

FIG, 6 shows behavior of the membrane stress during 
atmospheric exposure of a membrane after irradiation with 
helium ions at an energy of 20 kev to a dose of 0.25C/cm^. 



8 



In the "Off-axis- configuration, the substrate is mounted 
in such a way wichin the sputtering chamber that the ac least 
one sputter gun, also mounted in che sputtering chamber and 
5 comprising each an anode and a sputter target working as a 
cathode, faces away from the substrate surface where the film 
is to be deposited. An example of a sputtering assembly is 
shown in FIG. 1 and discussed in the Examples section. The 
main deposition mechanism is diffusion of the sputter material 

10 in the gas wichin the sputtering chamber held ac low pressure 
as described below. The sputtered particles are scaccered by 
gas molecules and reach the substrate after having undergone 
several scattering collisions, the average number of collisions 
determined by the geometry and gas pressure of the sputter 

15 assembly. This deposition mechanism makes sure that the 
sputtered particles have low energies of deposition on the 
substrate. High-energy negative ions generated at the cathode, 
e.g. negative carbon ions, are prevented from bombarding the 
substrate. In the invention presented, the sputter target 

2 0 material is graphite. The graphite targets need to be heatable 
and heat -controlled so as to meet the process conditions 
described below. On the other hand, it .is recommended chat the 
temperature of the substrate, which may be a delicate pattern 
sti-ucturing, be kept at ambient temperature. 

25 To apply a porous ion-absorbing film with low stress, the 

gas pressure within the sputter chamber needs no be between 1 
mtcrr and 30 mtorr. Using the "off -axis" configuration 
requires a low operating pressure so that sputtered acorns have 
a sufficiencly long mean free path to be scattered onto the 

30 substrate. At 30 mcorr, a sputtered atom will cypically have 
made several cens of scattering collisions and would be re- 
deposited on or near the target- At pressures exceeding 30 
mtorr, the mean free path of a sputtered atom is further 
reduced and deposition is severely obstructed. 

^5 It was discovered chat DC spuccering of a cold graphite 

cargec generated severe arcing. This is probably due to the 
formation of an insulacing carbon layer on che carget due co 
argon ion bombardmenc. This layer forms an insulator which 
becomes electrically charged by the electrons cravelling in the 



BNSOCXrD: <GB 2325473A_I_> 



race crack of the target. When this charging effect has 
produced a voltage higher than the breakdown voltage of the 
insulating coating, an arc will travel through the coating. 
These arcs generate particulate defects in the carbon film and 
5 prevent a stable deposition. Arcing may also extinguish the 
plasma by consuming the secondary electrons needed to sustain 
the plasma and. even worse, the arc can eject macroscopic 
particles from the target, which will severely degrade the 
performance of the carbon film. We have found that arcing is 
10 completely absent if the target is operated at temperatures 
above 500«C, whereas the. substrate is kept at ambient 
temperature throughout. We believe that a high target 
temperature converts the insulating coating to graphite. 
Sputtering on hot targets is described in the Chau et al . U.S. 

IS Patent No. 5,415,756. Coatings have been formed with target 
temperatures between eOQoc and 2400»C. High temperatures were 
previously used to evaporate insulating target coatings in DC 
relative sputtering. but evaporation is clearly not the 
mechanism of removal of (insulating) coatings in this case. 

20 Whilst the visual appearance of carbon films deposited by 

"on-axis" sputtering are shiny and/or glassy, and black or gray 
in color, the carbon films deposited by the "off-axis" 
sputtering are dull and black in color. The hardness of an 
"on-axis" film is much greater than the hardness of an "off- 

25 axis" film. The increased hardness of an "on-axis" film can be 
attributed to atomic peening of the substrate by negative 
carbon ions and reflected sputter gas neutrals. The densities 
of "off -axis" films were found to be in the range of 1 . 5 g/cm^ 
which is distinctly lower than that of bulk graphite, namely 

30 2.2 g/cm\ 

The thickness of the carbon film to be deposited can be up 
to several fim, and will be chosen according to the intended 
energy of irradiation. For ion-beam exposure, the thickness of 
the film should be such that the ions are absorbed within the 
35 carbon coating and do not reach the membrane underneath. For 
instance, a layer of about 0.5 ;xm is assumed to be sufficient 
in this aspect for hydrogen or helium ions of 10 keV. 

When a silicon membrane is covered with a protective 
carbon film, the total stress in the membrane is lowered 
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depending on the film thickness. However, when the membrane is 
exposed to hydrogen (or helium) ions, the stress in the 
membrane increases to a plateau. FIG. 2 shows the dependence 
of the membrane stress as a function of the hydrogen ion dose 
for a silicon membrane coated with 0.5 Mm carbon film. The 
membrane was bombarded with hydrogen ions at an energy of lo 
kev per ion. The plateau reached is approximately 12 MPa of 
tensile stress. It was found that the stress in the membrane 
maintained this plateau value until the proton dose delivered 
to the membrane was approximately 25 mC/cmS i.e., 1.536x10" 
protons. With this charge density, the membrane could be used 
to perform approximately 500,000 exposures in a 4x lithography 
system, given that 5x10" ions/cm^ are needed to fully expose 
photoresist. All stress values of the figures are given in 
15 MPa. 

It was observed that carbon etching occurs upon hydrogen 
bofnbardment , but the detailed mechanism is not yet clear. As 
a possible hypothesis, after the hydrogen implanted has lost 
enough energy, hydrogen and carbon form a hydrocarbon such as 
20 methane, CK^, which out-gasses from the surface and is pumped 
off, this process leading to an increase of the film porosity 
and thus influencing the behavior shown in FIG. 2. 

An example for a sputter assembly for deposition of carbon 
25 films on e.g. silicon masks according to the present invention 
is depicted schematically in FIG. 1. The assembly 1 uses five 
Research S-guns 5 (Sputtered Films, Inc.), each containing an 
anode and a graphite sputter target and capable of 2.4 
kilowatts of dc power dissipation. The S-guns 5 are evenly 
30 positioned in a ten-inch diameter circle on a base plate 6 with 
the substrate 2 placed on a substrate holder 3 at the center. 
The substrate 2 is electrically floating and can be cooled with 
helium gas from a helium reservoir 11 through the substrate 
holder 3. The substrate holder 3 rotates during deposition, 
3 5 and is driven via a shaft 10 to which it is connected through 
a TEFLON* (polytetraf luoroethylene) coupler 4 mounted to the 
base plate 6 using a spacer sleeve 8 and thrust bearings 9 and 
Vacuum-sealed by means of FERROFLUIDIC" seals 7. The assembly 
is hous65d in a 58 cm diameter by 47 cm tall stainless-steel 
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chamber (noc shown in FIG. 1) which che base place 6 is a part 
of, and is pumped by a cryogenic pump (CTI-IO, Cryogenic inc ) 
The deposition rate typically is in the range between i and 2 5 
microns/hour, depending upon operating pressure and sputter 
5 power. 

For comparison, an example of bare silicon membranes is 
displayed in FIG. 3 showing the dependence of mask stress on 
ion dose for bare silicon membranes bombarded by lo keV 
hydrogen, represented by circles, and 30 keV helium ions,- 
10 represented by diamonds. A charge dose of only 0.2 mC/cm^ is 
needed to completely remove the initial tension of the 
membrane . 

The stress values given here have been determined by 
contact -free measuring the distortion of the membrane using a 

15 laser upon creating a bulging of the membrane by applying 
different pressures at either side of the membrane. The stress 
in the carbon layer was determined from measurement of the 
total stress and comparison with that of the bare membrane. 

FIG. 4 shows the dependence of membrane stress on charge 

20 dose for a 2.5 }j.m thick silicon membrane with a 0,5 thick 
protective carbon coating bombarded by 10 keV hydrogen ions . 
The initial stress of the carbon film is about -90 MPa 
(negative values denote compressive stress) . This compression 
is probably not an intrinsic property of the deposited film, 

25 but is caused by the absorption of water vapor by active sites 
in the film. The film is a form of "activated carbon," 
However, when the membrane is exposed to hydrogen ions with an 
energy of 10 keV per proton, the stress of the composite 
membrane increases to a plateau of about 12 MPa indicating that 

3 0 the film tension is about 32 MPa. This could be due to 
desorption of water vapor, but other processes may be involved. 
The membrane maintained this stress value until the charge dose 
delivered to the membrane/film was approximately 25 mC/cm^ . 
With chis charge density, the membrane could be used to make 

35 approximately 500,000 exposures in a 4x lithography system, 
assuming a resist sensitivity of 5x10'^ ions/cm^. 

For doses greater than 10 mC/cm^ the stress becomes 
increasingly compressive because ions are penetrating through 
Che carbon layer into Che silicon. The carbon layer is visibly 
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thinner than che inicial coacing. We believe that react' 
etching of che carbon by hydrogen forming volatile hydrocarbons 
such a methane, CH, is responsible for che chinning of the 
carbon layer. The use of hydrogen as an ion^ source is noc 
5 ideal due Co the volume etching of the applied film. Studies 
were therefore begun with helium, which clearly will not have 
this problem. Therefore, the next experiment involved 

implanting che carbon film using helium ions ac 20 keV. 

FIG. 5 shows the behavior of the membrane stress during 

10 helium bombardment of a 2.5^01 thick silicon membrane with a l.o 
urn chick protective carbon coating membrane. The film was 
initially bombarded U5:ing helium ions by 80 keV ions with a 
dose of 0-005 C/cm'. The energy was chosen so that the ions 
would convert nearly the entire carbon layer without 

15 penetrating into the silicon. The voltage was then reduced co 
30 keV and 0.6 C/cm^ were applied. The voltage was now 
decreased co 20 keV, and FIG. 5 shows the stress data taken 
during the irradiation with these 20 kev helium ions up to 
0.835 C/cm^. The stress was then stable, within experimental 

20 error, up to a total dose of 1.44 C/cm^. The corresponding 
number of die exposures is also indicated in FIG. 5, an ion 
dose of 0.1 C/cm^ equating v;ith 1.6 million die exposures in a 
4x projection lithography system, assuming a 1 ^G/cm^ resisc 
dose . 

25 Af Cer this procedure, the behavior of the membrane stress 

under atmospheric conditions was taken. FIG. 6 shows the 
stress in the carbon film of the membrane drawn over the time 
of atmospheric exposure. The stress varies by less than 3 Mpa 
over a period of 160 hours. This small variation is believed 

3 0 to be due to a region of unbombarded carbon surrounding the 
converted region . This demonstrates that the initial activated 
carbon film had been converted to one which is environmentally 
stable for at least one week. 

It will be recognized that the present invention is not to 

35 be limited to the specific form(s) described above; rather, it 
is understood that other embodiments can be found without 
departing from the spirit and scope of the invention defined in 
the following claims. 
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CLAIMS 

1 . A method of depositing carbon film on a membrane for use in X-ray or corpuscular 
projection lithography as at least part of a lithography component and comprising 

5 sputtering, wherein the membrane is arranged to serve as a sputter substrate, and the 
method includes positioning the membrane in an off-axis configuration relative to the at 
least one sputter target. 

2. The method as claimed in Claim 1 , wherein at least one sputter target is employed 
1 0 with a temperature greater than 550°C. 

3. The method as claimed in Claim 2, wherein the temperature of all sputter targets 
is between 600^C and 1800°C. 

15 4. The method as claimed in Claim 1, wherein the operating pressure during 
sputtering is less than 30 mtorr. 

5. A method of modifying carbon films produced according to the method of Claim 
1 , 2, 3 or 4, wherein said fihns are implanted with helium ions by ion bombardment at ion 

- 20 energies such that said helium ions have a projected range of implantation no greater than 
the thickness of said films. 

6. The method as claimed in Claim 5, wherein the minimum dose for the conversion 
desired is 12 mC/cm^. 

25 

7. The method as claimed in Claim 5 or 6, wherein the carbon film has a low 
compressive stress of 10 MPa or below. 

8. The method as claimed in Claim 5, 6 or 7, in which the projection lithography 
30 comprises projection lithography and the membrane is used as part of a stencil mask. 
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9. The method as claimed in Claim 5, 6, 7 or 8, wherein the material of the membrane 
is silicon. 



1 0. A corpuscular projection lithography membrane having, at the surface exposed to 
5 an ion beam, a film having at least such a thickness preventing ion penetration into the 

membrane, the film comprising a carbon layer deposited by off-axis sputtering. 

1 1 . The membrane as claimed in Claim 10, wherein the membrane material comprises 
silicon. 

10 

12. The membrane as claimed in Claim 10 or 1 1 , wherein the emissivity of the carbon 
layer is above 0.5. 

13. The membrane as claimed in Claim 12, wherein the emissivity of the carbon layer 
15 is in the range of 0.7 to 0.8, 

14. A method of depositing carbon film on a membrane for use in X-ray or corpuscular 
projection lithography substantially as hereinbefore described with reference to, and as 
illustrated in the accompanying drawings. 

20 

15. A method of modifying carbon films produced in accordance with the method of 
claim 14 and substantially as hereinafter described with reference to, and as illustrated in, 
the accompanying drawings. 

25 16. A corpuscular projection lithography membrane substantially as hereinafter 
described with reference to, and as illustrated in, the accompanying drawings. 



30 
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